A traditional multimedia system presents the same static content and suggests the same next page to all users, even though they might have widely differing knowledge of the subject. Such a system suffers from an inability to be all things to all people, especially when the user population is relatively diverse; users often lose sight of the goal of their inquiry, look for stimulating rather than informative material, or even use the navigational features unwisely. Moreover, new developments in ICT along with the growth of mobile and wireless communication allowed service providers to develop new ways of interactions through a variety of channels enabling users to become accustomed to new means of multimedia-based service consumption in an anytime, anywhere and anyhow manner, but developing more demanding requirements. To this end, researchers and practitioners studied adaptivity and personalization to address the comprehension and orientation difficulties presented in such systems to alleviate the navigational difficulties and instead, satisfy the heterogeneous needs of the mobile user. This chapter investigates the emergence of the mobile and wireless technology and the new multi-channel constraints and opportunities, as well as the new mobile user needs that arise. Furthermore, it examines the relationship between the adaptation and personalization research considerations and proposes a three-layer architecture for adaptation and personalization of Web-based multimedia content based on the "new" user profile with visual, emotional and cognitive processing parameters incorporated.
Introduction
Since 1994, the Internet has emerged as a fundamental information and communication medium that has generated extensive enthusiasm. The Internet has been adopted by the mass market more quickly than any other technology over the past century and is currently providing an electronic connection between progressive entities and millions of users whose age, education, occupation, interest, and income demographics are excellent for sales or multimedia-based service provision.
The explosive growth in the size and use of the World Wide Web as well as the complicated nature of most Web structures may very well in orientation difficulties, as users often lose sight of the goal of their inquiry, look for stimulating rather than informative material, or even use the navigational features unwisely. To alleviate such navigational difficulties, researchers have put huge amounts of effort to identify the peculiarities of each user group and design methodologies and systems that could deliver an adapted and personalized web-content. To this date, there has not been a concrete definition of personalization. However, the many solutions offering personalisation features meet an abstract common goal: to provide users with what they want or need without expecting them to ask for it explicitly (Mulvenna et al., 2000) . A complete definition of personalization should include parameters and contexts such as user intellectuality, mental capabilities, socio-psychological factors, emotional states and attention grapping strategies, since these could affect the apt collection of users' customization requirements, offering in return the best adaptive environments to the user preferences and demands.
With the emergence of wireless and mobile technologies, new communication platforms and devices, apart from PC-based Internet access, are now emerging making the delivery of content available through a variety of media. Inevitably, this increases user requirements which are now focused upon an "anytime, anywhere and anyhow" basis. Nowadays, researchers and practitioners not only have to deal with the challenges of adapting to the heterogeneous user needs and user environment issues such as current location and time (Panayiotou, & Samaras, 2004 ), but they also have to face numerous considerations with respect to multi-channel delivery of the applications concerning multimedia, services, entertainment, commerce etc. To this end, personalization techniques exploit Artificial Intelligence, agent-based, and real-time paradigms to give presentation and navigation solutions to the growing user demands and preferences.
This chapter will emphasize on the adaptation of the Web-based multimedia content delivery starting with an extensive reference to the mobility and wireless emergence that sub-serves the rapid development of the multi-channel multimedia content delivery and the peculiarities of the user profiling that significantly vary from the desktop to the mobile user. Furthermore, it will approach the existing adaptation (adaptive hypermedia) and personalization (web personalization) techniques and paradigms that could work together in a coherent and cohesive way, since they are sharing the same goal, to provide the most apt result to the user. Lastly, having analyzed the aforementioned concepts, it will define a three-layer adaptation and personalization Web-based multimedia content architecture that will be based on the introduction of a "new" user profile that incorporates user characteristics such as user perceptual preferences, on top of the "traditional" ones, and the semantic multimedia content that includes, amongst others, the perceptual provider characteristics.
Mobility Emergence
The rapid development of the wireless and mobile advancements and infrastructures has evidently given "birth" to Mobile Internet. It is considered fundamental to emphasize on its imperative existence, since statistics show that in the future the related channels will take over as the most sustainable mediums of Web-based (multimedia) content provision. Mobile Internet could be considered as a new kind of front-end access to Web-based content with specific capabilities of delivering on demand real-time information. Nowadays, many sectors (governmental, private, educational etc.) start to offer multimedia-based services and information via a variety of service delivery channels apart from the Web (Synodinos, & Avgeriou, 2003) . Two of these mobile multimediabased service delivery channels are mobile telephony and PDAs. These channels become more important considering the much faster growth of the mobile penetration rate compared to desktop based Internet access. The most significant future development will be the growth of mobile broadband multimedia-based services, once the potential of third generation mobile (3G) and its enhancements, as well other wireless technologies, including W4, RLAN, satellite and others, is realized. The dissemination of these technologies represents a paradigm shift that enables the emergence of new data multimedia-based services, combining the benefits of broadband with mobility (COM, 2004) , delivered over high-speed mobile networks and platforms.
Multi-Channel Web-based Content Delivery Characteristics
"To struggle against the amplification of the digital divide and therefore to think 'user interaction' whatever the age, income, education, experience, and the social condition of the citizen" (Europe's Information Society, 2004) .
The specific theme above reveals exactly the need for user centered multimediabased service development and personalized content delivery. In many ways, the new technology provides greater opportunities for access. However, there are important problems in determining precisely what users want and need, and how to provide Webbased content in a user-friendly and effective way. User needs are always conditioned by what they already get, or imagine they can get. The most prominent approach to collect this type of information focuses upon user level segmentation, providing users with personalized and adaptive content, depending on their preferences. This methodology has an extensive application on the Web-based content delivery via mobile channels whereby the presentation and nature of information are restricted from the capabilities of the devices. A channel can change the user perception of a multimedia application; when a user has a free choice between different channels to access an application, they will choose the channel that realizes the highest relative value for them. However, separate development of different channels for a single multimedia content (multi-channel delivery) can lead to inconsistencies such as different data formats or interfaces. To overcome the drawbacks of multiple-channel content delivery, the different channels should be integrated and coordinated.
Channel selection
A closer look at the term "channel" and an examination of the relevant documents reveals that the exact meaning of the term "channel" (or "access channel") cannot clearly be defined. The term is often used as a concept that includes "channel type", "technology", "platform", "media", "device" and "touch point", although none of these terms are used consistently. What is more important, is the meaning conveyed from how content is delivered, in what format, with which standardization schemes or other implementation content delivery methods via the various channels, like Web, telephone, interactive kiosks, WAP, MMS, SMS, Satellite and so on. Even though content can be delivered through a wide variety of channels, factors such as cost and management make it impractical for a provider to implement all channels. Nevertheless, the particular steps (IDA, 2004 ) that could guide a provider throughout the channel selection process are:
1. Rate the features of the available channels. 2. Rate the multimedia-based service provision requirements for each content type. 3. Match the channel features and the content provision requirements. 4. Investigate the channel preferences of potential users and use the results to finetune the selection of channels that meets the general user requirements.
5. Determine whether the remaining channels are technically and organizationally appropriate to deliver the content. 6. Determine which channels will realize the best public value, based on (expected) costs and benefits. Lastly, it is important to mention that the suitability and usefulness of channels depends on a range of factors, out of which technology is only one element. Additional features that could affect the multimedia-based service channels assessment could be: directness, accessibility and inclusion, speed, security and privacy and availability. To realize though their potential value, channels need also be properly implemented and operated.
Channel limitations
The demand for Web-based content consumption "anytime, anywhere and anyhow" and the vast variety of the channels of different capabilities and limitations, give a significant rise in the design and implementation complexity. On one hand there are some added issues with regards to the wireless networks such as the low bandwidth, the unreliable connectivity, the lack of processing power, the limited interface of wireless devices and the user mobility, while on the other hand many concerns are continuously rising, not only because of their restricted computational power but also because of their small size. More specifically, one mobile device can be distinguished from a desktop device from it's: small size, less processing power, restricted memory and storage space, small screen, high latency, and data entry difficulties. Eventually, mobile (multimedia) applications can suffer from a handful of noteworthy problems, such as: local mobility, limited mobility, closed mobility and interrupted mobility (Germanakos et al., 2005) .
Initial Personalization Challenges and Constraints
The needs of mobile users differ significantly from those of desktop users. Getting personalized information "anytime, anywhere and anyhow" is not an easy task. Researchers and practitioners have to take into account new adaptivity axes along which the personalized design of mobile Web-based content would be built. Such applications should be characterized by flexibility, accessibility, quality and security in a ubiquitous interoperable manner. User interfaces must be friendlier enabling active involvement (information acquisition), giving the control to the user (system controllability), providing easy means of navigation and orientation (navigation), tolerating users' errors, supporting system-based and context-oriented correction of users' errors, and finally enabling customization of multi-media and multi-modal user interfaces to particular user needs (De Bra et al., 2004; Brusilovsky, & Nejdl, 2004; Conlan et al., 2003) . Intelligent techniques have to be implemented that will enable the development of an open Adaptive Mobile Web (Brusilovsky, & Nejdl, 2004) , having as fundamental characteristics the directness, high connectivity speed, reliability, availability, context-awareness, broadband connection, interoperability, transparency and scalability, expandability, effectiveness, efficiency, personalization, security and privacy (Lankhorst et al., 2002; O'Connor et al., 2004; Volokh, 2000; Korkea-aho, 2000) .
Personalization Considerations in the Context of Desktop and Mobile User
Internet users usually look for information either by Web browsing (that is by navigating from page to page along Web links), or by searching via a search engine (Chaffee, & Gauch, 2000) . The impersonal organization of information on the Web has some negative consequences for users. In a recent survey, Pitkow and Kehoe found that the main problems encountered by Internet users when using the Web include slow network or connection speeds, not being able to find specific pages, even after they have been found before not being able to manage or organize retrieved information, and not being able to visualize where they have been (Barett at al.) .
The science behind personalization has undergone tremendous changes in recent years while the basic goal of personalization systems was kept the same, to provide users with what they want or need without requiring them to ask for it explicitly. Personalization is the provision of tailored products, multimedia-based services, Webbased multimedia content, information or information relating to products or services. Since it is a multi-dimensional and complicated area (covering also, recommendation systems, customization, adaptive Web sites, Artificial Intelligence) a universal definition that would cover all its theoretical areas has not been given so far. Nevertheless, most of the definitions that have been given to personalization (Kim, 2002; Ricci, 2004; Wang, & Lin, 2002) are converging to the objective that is expressed on the basis of delivering to a group of individuals relevant information that is retrieved, transformed, and / or deduced from information sources in the format and layout as well as specified time intervals. More technically, it includes the modeling of Web objects (products, and pages) and subjects (users), their categorization, locating possible similarities between them and determining the required set of actions for personalization. On the other hand, many argue that for the actual meaning of personalization, not only personalised information needs but also emotional or mental needs, caused by external influences, should be taken into account.
Personalization could be realized in one of two ways: (a) Web sites that require users to register and provide information about their interests, and (b) Web sites that only require the registration of users so that they can be identified (De Bra et al., 2004) . The main motivation points for personalization can be divided into those that are primarily to facilitate the work and those that are primarily to accommodate social requirements. The former motivational subcategory contains the categories of enabling access to information content, accommodating work goals, and accommodating individual differences, while the latter eliciting an emotional response and expressing identity (Wang, & Lin, 2002) .
Comprehensive User Requirements
To get the right information at the right time and the right place is not an easy task. Content providers have encountered in this particular problem on several occasions user interaction with the Web-based content needs improvement, and a serious analysis of user requirements in the area of mobile Internet for content provision has to be undertaken, documented and examined taking into consideration their multi-application to the various delivery channels and devices.
Based on several studies (IDA, 2004; Conlan et al., 2003; CAP Gemini Ernst & Young, 2004) , here are some of the anticipated user requirements and arguments:
General user multimedia-based service (or Web-based multimedia content) requirements.
-Flexibility: anyhow, anytime, anywhere. (a) Technological developments have introduced a wide variety of new channels over which different forms of contact can take place (i.e. web technology, has introduced e-mail, which in many situations has replaced regular mail, or has opened the possibility of consuming multimedia-based services by means of self-service on a 24x7 basis; moreover, mobile technology makes it possible to consume multimedia-based services irrespective of location). (b) Many multimedia-based service delivery processes consist of two more interaction sessions between the users and the involved sectors (i.e. if the administration is flexible in terms of its multimedia-based service delivery, it will allow the users to choose the channel or location for the interaction processes, and allow them to switch between channels at any preferable time). -Accessibility. (a) Users should be able to locate the required multimedia-based services (awareness). (b) Users should be able to identify the channels that they can use to access the multimedia-based service they need (i.e. provide help to the users regarding the channel most suitable for them to use). (c) Once a multimediabased service is located and accessed, users should be able to consume the information provided by the multimedia-based service and it should be usable to all members of the intended user community. (d) The legal basis of public multimedia-based services stipulates that they must be accessible for all potential users. (e) A pricing policy for multimedia-based services should guarantee that the intended target groups can afford the multimedia-based services. -Quality. (a) There are many situations in which a user needs more than just one multimedia-based service to deal with a particular situation. In a one-stop shop approach a single interaction would be able to address all requirements, thus saving the user considerable amount of time. (b) Public multimedia-based services are usually regulated by means of strictly defined specifications. Quality can be described as satisfactory if the multimedia-based service is provided in conformance with the relevant specifications. (c) In user-centric approach, multimedia-based services must be offered pro-actively. A timely multimediabased service is a service that is offered at the moment a user may need it, even though he may not yet be aware of it. (d) Quality comes at a price (i.e. faster delivery of a multimedia-based service may involve more costs than delivery at a regular speed). -Security. (a) A trusted exchange of information depends on an assured security level. If a channel is not secure, or if users don not trust its security, the channel will not be used for multimedia-based services that involve sensitive information.
(b) Security is not only a technical matter, it is also one of perception. Due to a lack of trust in security matters, relatively large segments of the user population are less inclined to use channels that they do not fully trust, especially when payment is involved. Requirements for a friendly and effective user interaction.
-Information Acquisition. Support active involvement.
-System Controllability. Give the users the control.
-Navigation. Provide easy means for navigation and orientation.
-Versatility. Support alternate interaction techniques.
-Errors. Tolerate user's errors and support error system-based and context-oriented correction of user's errors. -Personalization. Enable customization of multi-media and multi-modal user interfaces to particular user's needs. The convergent perception of many studies seems to be that users are different in their perceptions, reactions, and demands. In addition, it is almost universally accepted that, "where misunderstandings in a human-machine interaction are possible, then misunderstandings will occur" (Europe's Information Society, 2004). Therefore, a consistent optimized approach incorporating all the positive and negative outcome viewpoints is considered vital for the most optimum fulfillment of user needs.
User Profiling
One of the key technical issues in developing personalization applications is the problem of how to construct accurate and comprehensive profiles of individual users and how these can be used to identify a user and describe the user behaviour, especially if they are moving (Adomavicious, & Tuzhilin, 1999) . According to Merriam-Webster dictionary the term profile means "a representation of something in outline". User profile can be thought of as being "a set of data representing the significant features of the user" (Kotinurmi, 2001 ). Its objective is the creation of an information base that contains the preferences, characteristics, and activities of the user. A user profile can be built from a set of keywords that describe the user preferred interest areas compared against information items. User profiling is becoming more and more important with the introduction of the heterogeneous devices used, especially when published contents provide customized views on information. When considering different users there must be a distinction of their needs. This means that they may probably want better personalized multimediabased services to save them time and trouble, or that they may require different level of entrance according to different levels of group awareness, or that they may probably need multiple profiles according to their status. Therefore, capabilities like bandwidth, displays, and text-writing must be taken into account when developing such multimediabased services.
User profiling can either be static, when it contains information that rarely or never changes (e.g. demographic information), or dynamic, when the data change frequently. Such information is obtained either explicitly, using online registration forms and questionnaires resulting in static user profiles, or implicitly, by recording the navigational behaviour and / or the preferences of each user. In the case of implicit acquisition of user data, each user can either be regarded as a member of group and take up an aggregate user profile or be addressed individually and take up an individual user profile. The data used for constructing a user profile could be distinguished into the following:
(a) The Data Model which could be classified into: a. demographic which describes who the user is and, b. transactional which describes what the user does. (b) The Profile Model which could be further classified into:
a. the factual profile, containing specific facts about the user derived from transactional data, including the demographic data, such as "the favourite beer of customer X is Beer A" and, b. the behavioural profile, modeling the behaviour of the user using conjunctive rules, such as association or classification rules. The use of rules in profiles provides an intuitive, declarative and modular way to describe user behaviour (Adomavicious, & Tuzhilin, 1999) . Additionally, in the case of a mobile user, by user needs it is implied both, the thematic preferences (i.e., the traditional notion of profile) as well as the characteristics of their personal device called "device profile". Therefore, here, adaptive personalization is concerned with the negotiation of user requirements and device abilities.
As Web developers regard personalization as the best way to filter out unnecessary or irrelevant information for their users, some argue on issues like personalization may restrict the extent and the variety of information users receive, that people often do not have well-defined preferences, they need to answer detailed questions to personalize their Web pages, that the recommendation process is a black box for end users and so on (Wang, & Lin, 2002) .
But, could the user profiling be considered complete incorporating only these dimensions? Do the designers and developers of multimedia-based services take into consideration the real user preferences in order to provide them a really personalized Web-based multimedia content? Many times this is not the case. How can user profiling be considered complete, and the preferences derived optimized, if it does not contain parameters related to the user perceptual preference characteristics? User perceptual preference characteristics composed of the visual attention and cognitive psychology processes (cognitive and emotional processing parameters) taking place throughout the whole process of accepting an object of perception (stimulus) until the comprehensive response to it. It includes all the visual, mental and emotional processes that are liable of manipulating the newly information received and building upon prior knowledge, that is different for each user or user group. At this point, it is important to note that the user perceptual preference characteristics are directly related to the "traditional" user characteristics since they are affecting the way a user approaches an object of perception.
It is true that nowadays, there are not researches that move towards the consideration of user profiling to incorporate optimized parameters taken from the research areas of visual attention processing and cognitive psychology. Some serious attempts have been made on approaching e-Learning systems providing adapted content to the students but most of them are lying to restricted analysis and design methodologies considering particular cognitive learning styles, including Field Independence vs. Field Dependence, Holistic-Analytic, Sensory Preference, Hemispheric Preferences, and Kolb's Learning Style Model (Yuliang, & Dean, 1999) , applied to identified mental models, such as concept maps, semantic networks, frames, and schemata (Ayersman, & Read, 1999; Reed et al.) . In order to deal with the diversified students preferences they are matching the instructional materials and teaching styles with the cognitive styles and consequently they are satisfying the whole spectrum of the students' cognitive learning styles by offering a personalized Web-based educational content.
The Personalization Problem
Indisputably, the user population is not homogeneous. To be able to deliver quality knowledge, systems should be tailored to the needs of individual users providing them personalized and adapted information. Although one-to-one multimedia-based service provision may be a functionality of the distant future, user segmentation is a very valuable step towards that direction. User segmentation means that the user population is subdivided, into more or less homogeneous, mutually exclusive subsets of users who share common user profile characteristics. The current subdivisions could be based on:
Demographic characteristics (i.e. age, gender, urban or rural based, region) Socio-economic characteristics (i.e. income, class, sector, number of employees, volume of business, channel access) Psychographic characteristics (i.e. life style, values, sensitivity to new trends) Individual physical and psychological characteristics (i.e. disabilities, attitude, loyalty). User characteristics and needs, determining user segmentation and thus provision of the adjustable information delivery, differ according to the circumstances and change over time (Panayiotou, & Samaras, 2004; Lankhorst et al., 2002; Anderson et al., 2001) .
The issue of personalization is a complex one with many aspects that need analysis. Some of these issues become even more complicated once viewed from a mobile user's perspective, when wireless communication media and mobile device constraints are involved. Such issues include, but are not limited to (Panayiotou, & Samaras, 2004) :
What content to present to the user. How to decide what to show, using user profiles, using the user history to predict future needs etc. When using user profiles the need for (1) storing the interests of the user in a format that is easy to use, update or move, and (2) relating interests and items based on a semantic level (e.g., the theme interest of "flowers" is related to "florists" or even fertile producers) must be addressed. How to show the content to the user. Many users want to see the same things presented in a different format. In the wireless environment this also relates to the specific characteristics of the mobile device. How to ensure the user's privacy. Every personalizing system acquires information about the habits of each user. This leads to privacy concerns as well as legal issues (CAP Gemini Ernst & Young, 2004) . It could also leads to lack of user trust and could result in the failure of the system due to avoidance of its use. How to create a global personalization scheme. The user does not mind if a set of sites can be personalized but could very well be annoyed when at each one of them they have to repeat the personalization process. This is especially annoying and cumbersome for the user on the move carrying a resource poor mobile device.
There are many approaches to address these issues of personalization but usually, each one is focused upon a specific area, i.e. whether this is profile creation, machine learning and pattern matching, data and Web mining or personalized navigation.
A Comprehensive Overview of Adaptation and Personalization Techniques and Paradigms
When we are considering adaptation and personalization categories and technologies we refer to Adaptive Hypermedia and Web Personalization respectively, due to the fact that together these can offer the most optimized adapted content result to the user. Adaptive Hypermedia is a relatively old and well established area of research counting three generations: The first "pre-Web" generation of adaptive hypermedia systems explored mainly adaptive presentation and adaptive navigation support and concentrated on modeling user knowledge and goals. The second "Web" generation extended the scope of adaptive hypermedia by exploring adaptive content selection and adaptive recommendation based on modeling user interests. The third "New Adaptive Web" generation moves adaptive hypermedia beyond traditional borders of desktop hypermedia systems embracing such modern Web trends as "mobile Web", "open Web", and "Semantic Web" (Brusilovsky, 2003) . On the other hand, Web Personalization refers to the whole process of collecting, classifying and analyzing Web data, and determining based on these the actions that should be performed so that the user is presented with personalized information. As inferred from its name, Web Personalization refers to Web applications solely, and generally is a relatively new area of research.
Adaptive Hypermedia Overview
Adaptivity is a particular functionality that alleviates navigational difficulties by distinguishing between interactions of different users within the information space (Eklund, & Sinclair, 2000; Brusilovsky, & Nejdl, 2004) . Adaptive Hypermedia Systems employ adaptivity by manipulating the link structure or by altering the presentation of information, based on a basis of a dynamic understanding of the individual user, represented in an explicit user model (Eklund, & Sinclair, 2000; De Bra et al., 1999; .
In the 1997 discussion forum on Adaptive Hypertext and Hypermedia, an agreed definition of adaptive hypermedia systems was reached after Brusilovsky (Eklund, & Sinclair, 2000) as follows: "By Adaptive Hypermedia Systems we mean all hypertext and hypermedia systems which reflect some features of the user in the user model and apply this model to adapt various visible and functional aspects of the system to the user." (Eklund, & Sinclair, 2000; . A system can be classified as an Adaptive Hypermedia System if it is based on hypermedia, has an explicit user-model representing certain characteristics of the user, has a domain model which is a set of relationships between knowledge elements in the information space, and is capable of modifying some visible or functional part of the system based on the information maintained in the usermodel (Eklund, & Sinclair, 2000; Brusilovsky, & Nejdl, 2004; . In 1996, Brusilovsky identified four user characteristics to which an Adaptive Hypermedia System should adapt. These were user's knowledge, goals, background and hypertext experience, and user's preferences. In 2001, further two sources of adaptation were added to this list, user's interests and individual traits, while a third source of different nature having to deal with the user's environment had also been identified.
Generally, Adaptive Hypermedia Systems can be useful in application areas where the hyperspace is reasonably large and the user population is relatively diverse in terms of the above user characteristics. A review by Brusilovsky has identified six specific application areas for adaptive hypermedia systems since 1996 (Brusilovsky, 2001) . These are educational hypermedia, on-line information systems, information retrieval systems, institutional hypermedia and systems for managing personalized view in information spaces. Educational hypermedia and on-line information systems are the most popular, accounting for about two thirds of the research efforts in adaptive hypermedia. Adaptation effects vary from one system to another. These effects are grouped into three major adaptation technologies -adaptive content selection (Brusilovsky, & Nejdl, 2004) , adaptive presentation (or content-level adaptation) and adaptive navigation support (or link-level adaptation) (Eklund, & Sinclair, 2000; De Bra et al., 1999; Brusilovsky, 2001; Brusilovsky, & Peylo, 2003; Brusilovsky, & Pesin, 1998) and are summarized in Fig. 1 . Adaptive Hypermedia Techniques. The first of these three technologies comes from the field of adaptive information retrieval (IR) and is associated with a search-based access to information. When the user searches for relevant information, the system can adaptively select and prioritize the most relevant items. The idea of adaptive presentation is to adapt the content of a page to the characteristics of the user according to the user model. With such techniques the content is individually generated or assembled from pieces for each user, to contain additional information, pre-requisite information or comparative explanations by conditionally showing, hiding, highlighting or dimming fragments on a page. The granularity may vary from word replacement to the substitution of pages to the application of different media. Adaptive presentation techniques have been classified into: (a) adaptive multimedia presentation, (b) adaptive text presentation, and (c) adaptation of modality (Brusilovsky, & Nejdl, 2004; Brusilovsky, & Pesin, 1998) .
Adaptive navigation techniques have been classified according to the way they adapt the presentation of links, ranging from methods that restrict the user's interactions with the content to techniques that aid the user in their understanding of the information space, aiming provide either orientation or guidance. Orientation informs the user about their place in the hyperspace while guidance is related to a user' s goal. These techniques are: direct guidance; adaptive link; adaptive link hiding; adaptive link annotation; adaptive link generation; and map adaptation (Eklund, & Sinclair, 2000; Brusilovsky, & Pesin, 1998; Brusilovsky, 2001; Brusilovsky, & Nejdl, 2004; .
As mentioned earlier, successful adaptation attempts have been made in the eLearning research field to provide the students with adapted content according to their different learning styles or knowledge level and goals. A typical case of such a system could be considered the INSPIRE (Intelligent System for Personalized Instruction in a Remote Environment) architecture, see Fig. 2 , where throughout its interaction with the learner, the system dynamically generates lessons that gradually lead to the accomplishment of the learning goals selected by the learner (Papanikolaou et al., 2002) . INSPSIRE architecture has been designed so as to facilitate knowledge communication between the learner and the system and to support its adaptive functionality. 
Web Personalization Overview
Web personalization is the process of customizing the content and structure of a Web site to the specific needs of each user by taking advantage of the user's navigational behaviour. Being a multi-dimensional and complicated area a universal definition has not been agreed to date. Nevertheless, most of the definitions given to personalization (Cingil et al., 2000; Blom, 2000; Kim, 2002) agree that the steps of the Web personalization process include: (1) the collection of Web data, (2) the modeling and categorization of these data (pre-processing phase), (3) the analysis of the collected data, and (4) the determination of the actions that should be performed. Moreover, many argue that emotional or mental needs, caused by external influences, should also be taken into account. Personalization could be realized in one of two ways: (a) Web sites that require users to register and provide information about their interests, and (b) Web sites that only require the registration of users so that they can be identified (De Bra et al., 2004) . The main motivation points for personalization can be divided into those that are primarily to facilitate the work and those that are primarily to accommodate social requirements. The former motivational subcategory contains the categories of enabling access to information content, accommodating work goals, and accommodating individual differences, while the latter eliciting an emotional response and expressing identity (Wang, & Lin, 2002) .
Categories
The previous sections have been described the main high level considerations of Web personalization. However, in order to have a more comprehensive insight for its context, it is necessary to classify personalization in categories. These include: Link Personalization, Content Personalization, Context Personalization, Authorized Personalization and Humanized Personalization.
Link Personalization involves selecting the links that are more relevant to the user, changing the original navigation space by reducing or improving the relationships between nodes. E-commerce applications use link personalization to recommend items based on the clients' buying history or some categorization of clients based on ratings and opinions. Link personalization is widely used in Amazon.com to link the home page with recommendations, new releases, shopping groups, etc. (Rossi et al., 2001) .
When content becomes personalized, user interface can present different information for different users providing substantive information in a node, other than link anchors. Most of the content personalization research is relative to text and hypertext personalization and can be further classified into two types:
(a) Node structure customization (personalization) usually appears in those sites that filter the information that is relevant for the user, showing only sections and details in which the user may be interested. The user may explicitly indicate their preferences, or these may be inferred (semi-) automatically either from the user profile or navigation activity. For example, in my.yahoo.com or in www.mycnn.com users choose a set of "modules" and further personalize those modules by choosing a set of attributes of the module to be perceived. Some "automatic" customization may occur based on location information (e.g. by using the zip code of the user to select local to the user sport events). The outcome of these applications is that the user should be able to "build" their own page. (b) Node content customization (personalization) occurs when different users perceive different values for the same node attribute; this kind of content personalization is finer grained than structure personalization. A good example can be found in online stores that give customers special discounts according to their buying history (in this case the attribute price of item is personalized) (Rossi et al., 2001 ). Personalizing navigational contexts is critical when the same information (node) can be reached in different situations. A navigational context is a set of nodes that usually share some property. For example in a Conference Paper Review Application, it is possible to access papers etc. Notice that one paper may appear in different sets and that different users may have different access restrictions according to their role in the Review application. Context personalization can also be adapted to the preferences of the learner and semantics of the learner's current environment. One sub-category of context personalization is terminal adaptivity. That is adapting information to the characteristics of a device. It is applied on the mobile devices to satisfy learner's demand for "learning as you go". Terminal Personalization occurs on a per session basis. Personalization can be achieved by applying many axes of adaptation effecting both the navigational structure and appearance of the learning experience. It involves the tailoring of a resource to the current environment of the learner (Lankhorst et al., 2002) .
With Authorized Personalization, different users have different roles and therefore they might have different access authorizations. For example, in an academic application, instructors and students have different tasks to perform. Instructors want to access their class materials, such as upload, edit their class syllabus and give students' grades etc. On the other hand, students want to access the interface to find out their current GPA, their enrolment status, and their course work status etc.
Humanized Personalization involves human computer interaction. If this dimension of the "emotional user interface" could be involved, it will be a huge step towards a concrete and universal definition of Web personalization. Unquestionably, this category of personalization still needs to be explored, with an extensive use of Artificial Intelligence technologies. Kaplan (Kaplan et al., 1999 ) made a first step towards exploring this area when they implemented an intelligent interactive telephone system (Telephone-Linked Care (TLC)) that provided information whether they were talking to a machine or to a person during TKC relationships with the TLC system (Hjelsvold et al., 2001 ).
Paradigms
The technologies that are employed in order to implement the processing phases mentioned above as well as the Web personalization categories are distinguished into:
Content-Based Filtering
Systems that are implementing these kinds of techniques are solely based on individual users' preferences. The system tracks each user's behavior and recommends items that are similar to items the user liked in the past. It is based on description analysis of the items rated by the user and correlations between the content of these items and user's preferences. It is an alternative paradigm that has been used mainly in the context of recommending items such as books, Web pages, news, etc. for which informative content descriptors exist (Pazzani, 2005; Basilico, & Hofmann, 2004 ). This technique is primarily characterized by two weaknesses, content Limitations and over-Specialization. There are content limitations like IR methods that can only be applied to a few kinds of content, such as text and image, and the extent aspects can only capture certain aspects of the content. On the other hand content-based recommendation systems provide recommendations merely based on user profiles, therefore, users have no chance of exploring new items that are not similar to those items included in their profiles and thus leading to over-specialization. Consequently, some more drawbacks that have been identified in time are (Shahabi, & Chen, 2003; Mobasher, 2002) :
(a) Search-based models build keyword, category, and author indexes offline, but fail to provide recommendations with interesting, targeted titles. They also scale poorly for customers with numerous purchases and ratings. (b) User input may be subjective and prone to bias. (c) Explicit (and non-binary) user ratings may not be available. (d) Profiles may be static and can become outdated quickly. (e) May miss other semantic relationships among objects. At this point it would be noteworthy to mention a complementary technique of Content-based filtering, namely Social Information filtering. It essentially automates the process "word-of-mouth" recommendations: items are recommended to a user based upon values assigned by other people with similar taste. The system determines which users have similar taste via standard formulas for computing statistical correlations. Social Information filtering overcomes some of the limitations of content-based filtering. Items being filtered need not be amenable to parsing by a computer. Furthermore, the system may recommend items to the user which are very different (content-wise) from what the user has indicated liking before. Finally, recommendations are based on the quality of items, rather than more objective properties of the items themselves (Mobasher, 2002) .
Rule-Based Filtering
The users are asked to answer a set of questions. These questions are derived from a decision tree, so as the user proceeds to answer them. What he finally receives is a result (e.g. list of products) tailored to his needs. Content-based, rule-based, and collaborative filtering may also be used in combination, for deducing more accurate conclusions. Some of the rule-based filtering drawbacks are: User input may be subjective and prone to bias, explicit (and non-binary) user ratings may not be available, profiles may be static and can become outdated quickly, and for large systems it becomes burdensome to manage.
Collaborative Filtering
Systems invite users to rate the objects or divulge their preferences and interests and then return information that is predicted to be of interest to them. This is based on the assumption that users with similar behavior (e.g. users that are rate similar objects) have analogous interests. There are two general classes of collaborative filtering algorithms, memory-based methods and model-based methods (Wang, & Lin, 2002; Pazzani, 2005; Basilico, & Hofmann, 2004) . Moreover, the goals in a collaborative filtering system are basically focused upon the reduction of computation time, the increase of the extent in which predictions can be computed in parallel, and the increase of prediction accuracy. Collaborative filtering can further refine the process of giving each individual personal recommendation compared to rule-based filtering. It overcomes the drawbacks of the content-based filtering because it typically does not use the actual content of the items for recommendation. It usually works based on assumptions. With this algorithm the similarity between the users is evaluated based on their ratings of products, and the recommendation is generated considering the items visited by nearest neighbors of the user. In its original form, the nearest-neighbor algorithm uses a two-dimensional useritem matrix to represent the user profiles. This original form suffers from three problems, scalability, sparsity, and synonymy (Shahabi, & Chen, 2003; Papagelis, 2004) . Some more highlighted drawbacks of collaborative filtering are focused upon: (a) Collaborative-filtering techniques are often based in matching in real-time the current user's profile against similar records obtained by the systems over time from other users. However, as noted in recent studies, it becomes hard to scale collaborative filtering techniques to a large number of items, while maintaining reasonable prediction performance and accuracy. Part of this is due to the increasing sparsity in the data as the number of items increase. One potential solution to this problem is to first cluster user records with similar characteristics, and focus the search for nearest neighbors only in the matching clusters. In the context of Web personalization this task involves clustering user transactions identified in the preprocessing stage; (b) traditional collaborative filtering does little or no offline computation, and its online computation scales with the number of customers and catalog items. The algorithm is impractical on large data sets, unless it uses dimensionality reduction, sampling, or partitioning -all of which reduce recommendation quality; (c) user input may be subjective and prone to bias; (d) explicit (and non-binary) user ratings may not be available; (e) profiles may be static and can become outdated quickly; (f) they are not able to recommend new items that have not already been rated by other users. An object will become available for recommendation only when many users have seen it and rated it, making it part of their profiles first ("latency problem"); (g) they are not satisfactory when dealing with a user that is not similar enough with any of the existing users (Mobasher, 2002; Mobasher et al., 1997) .
Web Usage Mining
The typical sub-categorization of the Web mining research field falls into the following three categories: Web-content mining, Web-structure mining, and Web usage mining. The prerequisite step to all of the techniques for providing users with recommendations is the identification of a set of user sessions from the raw usage data provided by the Web server. Web usage mining is the only category related to Web Personalization. This process relies on the application of statistical and data mining methods to the Web log data, resulting in a set of useful patterns that indicate users' navigational behavior. The data mining methods that are employed are: Association rule-mining, sequential pattern discovery, clustering, and classification. Given the site map structure and usage logs, a Web usage miner provides results regarding usage patterns, user behavior, session and user clusters, click stream information, and so on. Additional information about the individual users can be obtained by the user profiles (Desphande, & Karypis, 2004) . The overall process can be divided into two components. (a) The offline component is comprised of the pre-processing and data preparation tasks, including data cleaning, filtering, and transaction identification, resulting in a user transaction file, and (b) the data mining stage in which usage patterns are discovered via specific usage mining techniques such as association-rule mining, association-rule discovery and usage clustering (Mobasher et al., 1997) . The increasing focus on Web-usage mining as the time passes derives from some key characteristics which are summarized as follows: (a) the profiles are dynamically obtained, from user patterns, and thus the system performance does not degrade over time as the profiles age; (b) using content similarly alone as a way to obtain aggregate profiles may result in missing important relationships among Web objects based on their usage. Thus, Web usage mining will reduce the need for obtaining subjective user ratings or registration-based personal preferences; (c) profiles are based on objective information (how users actually use the site); (d) there is no explicit user ratings or interaction with users (saves time and other complications); (e) it helps preserve user privacy, by making effective use of anonymous data; (f) the usage data captures relationships missed by content-based approaches; (g) it can help enhance the effectiveness of collaborative or content-based filtering techniques. Nevertheless, usagebased personalization can be problematic when little usage data is available pertaining to some objects or when the site content attributes of a site must be integrated into a Web mining framework and used by the recommendation engine in a uniform manner (Mobasher, 2002) .
Demographic-Based Filtering
This specific technique could be roughly described as an approach that uses demographic information to identify the types of users that prefers a certain object and to identify one of the several pre-existing clusters to which a user belongs and to tailor recommendations based on information about others in this cluster (Pazzani, 2005; Basilico, & Hofmann, 2004) .
Agent Technologies
Agents are processes with the aim of performing tasks for their users, usually with autonomy, playing the role of personal assistants (Delicato et al., 2001; Panayiotou, & Samaras, 2004) . Agents usually solve common problems users experience on the Web such as personal history, shortcuts, page watching and traffic lights. Some of the agents' main characteristics could be distinguished according to their abilities used and according to the tasks they execute. The former include characteristics such as intelligence, autonomy, social capacity (inter-agent communication), and mobility; while the latter classify the agents into information filtering agents, information retrieval agents, recommendation agents, agents for electronic market, and agents for network management (Delicato et al., 2001 ).
Cluster Models
These types of techniques are found mostly in the area of eCommerce and could be characterized as eCommerce recommendation algorithms. To find customers who are similar to the user, cluster models divide the customer base into many segments and treat the task as a classification problem. The algorithm' s goal is to assign the user to the segment containing the most similar customers. It then uses the purchases and ratings of the customers in the segment to generate recommendations. The segments typically are created using a clustering or other unsupervised learning algorithm, although some applications use manually determined segments. Using a similarity metric, a clustering algorithm groups the most similar customers together to form clusters or segments. Because optimal clustering over large data sets is impractical, most applications use various forms of greedy cluster generation. These algorithms typically start with an initial set of segments, which often contain one randomly selected customer each. They then repeatedly match customers to the existing segments, usually with some provision for creating new or merging existing segments. For very large data sets -especially those with high dimensionality -sampling or dimensionality reduction is also necessary. Once the algorithm generates the segments, it computes the user' s similarity to vectors that summarize each segment, chooses the segment with the strongest similarity and classifies the user accordingly. Some algorithms classify users into multiple segments and describe the strength of each relationship (Perkowitz, & Etzioni, 2003) . Cluster models have better online scalability and performance than collaborative filtering because they compare the user to a controlled number of segments rather than the entire customer base. The complex and expensive clustering computation is run offline. However, recommendation quality is relatively poor. To improve it, it is possible to increase the number of segments, but this makes the online user segment classification expensive.
A very interesting Web personalization application for the wireless user is the mPERSONA system, depicted in Fig. 3 . The mPERSONA system architecture combines existing techniques in a component-based fashion in order to provide a global personalization scheme for the wireless user. The mPERSONA is a flexible and scalable system that focuses towards the new era of wireless Internet and the moving user. It avoids tying up to specific wireless protocols (e.g., WAP) by using, as much as possible, autonomous and independent between them, components. To achieve a high degree of independence and autonomy mPERSONA is based on mobile agents and mobile computing models such as the "client intercept model" (Panayiotou, & Samaras, 2004) . The architectural components are distinguished based on their location and functionality: a) the Content description component (Fig. 3: 2 & 6) , creates and maintains the content's provider metadata structure that describes the actual content, (b) the Content selection component (Fig. 3: 1 & 7) , selects the content that will be presented to the user when "applying" his profile, (c) the Content reform component (Fig. 3: 3 & 4) , reforms and delivers the desired content in the needed (by the user's device) form, and (d) the User profile management component (Fig.3: 5) , registers and manages user profiles. The user's profile is split into two parts: the device profile (covers the user's devices) and the theme profile (preferences).
Similarities and Differences
Having seen an overview of what Adaptive Hypermedia and Web Personalization are all about it is important to note their similarities and differences in further support of their sound co-existence and the belief that they could offer a sustainable solution with regards to adaptation and personalization of Web-based multimedia contents. The most evident similarity is the objective of these two research fields: to develop techniques to adapt what is presented to the user, based on the specific user needs. Generally, Adaptive Hypermedia refers to the manipulation of the link or content structure of an application to achieve adaptation and makes use of an explicit user model. Adaptive Hypermedia is a relatively old and well established area of research counting three generations: The first "pre-Web" generation of adaptive hypermedia systems explored mainly adaptive presentation and adaptive navigation support and concentrated on modeling user knowledge and goals. The second "Web" generation extended the scope of adaptive hypermedia by exploring adaptive content selection and adaptive recommendation based on modeling user interests. The third "New Adaptive Web" generation moves adaptive hypermedia beyond traditional borders of desktop hypermedia systems embracing such modern Web trends as "mobile Web", "open Web", and "Semantic Web". On the other hand, Web Personalization refers to the whole process of collecting, classifying and analyzing Web data, and determining based on these data the actions that should be performed so that the user is presented with personalized information. As inferred from its name, Web Personalization refers to Web applications solely, and is a relatively new area of research.
One could also argue that the areas of application of these two research areas are different, as Adaptive Hypermedia has found popular use in educational hypermedia and on-line information systems, where as Web Personalization has found popular use in eBusiness multimedia-based services delivery. From this, it could be inferred that Web Personalization has a more extended scope than Adaptive Hypermedia, exploring adaptive content selection and adaptive recommendation based on modeling user interests.
Also, the reason for the need of such areas to be researched is the quite similar. The most evident technical similarity is that they both make use of a user model to achieve their goal. However, the way they maintain the user profile is different; Adaptive Hypermedia requires a continuous interaction with the user, while Web Personalization employs algorithms that continuously follow the users' navigational behavior without any explicit interaction with the user. Technically, two of the adaptation / personalization techniques used are the same. These are adaptive-navigation support (of Adaptive Hypermedia and else referred to as link-level adaptation) and Link Personalization (of Web Personalization) and adaptive presentation (of Adaptive Hypermedia and else referred to as content-level adaptation) and Content Personalization (of Web Personalization).
Last but not least, it is noteworthy to mention that both research fields make use of Artificial Intelligence techniques.
A Three-layer Architecture for Adaptation and Personalization of Web-based Multimedia Content
Based on the above considerations, a three-layer architecture for adaptation and personalization of Web-based multimedia content will now be presented, trying to convey the essence and the peculiarities encapsulated, and further answering to the question why adaptation and personalization of Web-based content is considered vital for the sustainable provision of quality multi-channel Web-based multimedia content / multimedia-based services. The current architecture, depicted in Fig. 4 , Adaptation and Personalization of Webbased Multimedia Content Architecture, is composed of three interrelated parts / layers. Each layer for the purpose of the infrastructure functionality may be composed of components and each component may be broken down into elements, as detailed below: 
Front-end Layer ("Entry Point and Content Reconstruction")
The front-end layer is the primary layer and it is the user access interface of the system. It is called "Entry Point and Content Reconstruction" and it accepts multi-device requests. It enables the attachment of various devices on the infrastructure, such as mobile phones, PDAs, desktop devices, tablet PC, Satellite handset etc. identifying the characteristics of the device and the preferences as well as the location of the user (personalization / location based) and multi-channel (due to the variety of multi-channel delivery i.e. over the Web, telephone, interactive kiosks, WAP, MMS, SMS, Satellite and so on, this layer identifies the different characteristics of the channels) requests. It directly communicates with the middle layer exchanging multi-purpose data. It consists of two components each one assigned for a different scope:
Adaptation: This component comprises of all the access-control data (for security reasons) and all the information regarding the user profile. These might include user preferences, geographical data, device model, age, business type, native language, context, etc. It is the entry point for the user enabling the login to the architecture. This component is directly communicating with the middle layer where the actual verification and profiling for the user is taking place. Once the whole processing has been completed it returns the adapted results to the user. It is comprised of three elements: -Content Presentation (or Adaptive Presentation): It adapts the content of a page to the characteristics of the user according to the user profile and personalization processing. The content is individually generated or assembled from pieces for each user, to contain additional information, prerequisite information or comparative explanations by conditionally showing, hiding, highlighting or dimming fragments on a page. The granularity may vary from word replacement to the substitution of pages to the application of different media.
-Content Alteration (or Adaptive Content Selection): When the user searches for a particular content, that is, related information to his / her profile, the system can adaptively select and prioritize the most relevant items. -Link-level Manipulation (or Adaptive Navigation Support): It provides methods that restrict the user's interactions with the content or techniques that aid the user in their understanding of the information space, aiming to provide either orientation or guidance (i.e. adaptive link, adaptive link hiding / annotation). Orientation informs the user about his / her place in the information space while guidance is related to a user' s goal. Filtering: This component is considered the main link of the front-layer with the middle layer of the architecture. It actually transmits the data accumulated both directions and it makes the low-level reconstruction and filtering of the content, according to the Web personalization processing characteristics, delivering the content for adaptation according to the user segmentation.
Middle Layer ("Web-based Multimedia Personalization")
The middle layer is the main layer of the architecture and it is called "Web-based Multimedia Personalization". At this level all the requests are processed. This layer is responsible for the custom tailoring of information to be delivered to the users, taking into consideration their habits and preferences, as well as, for mobile users mostly their location ("location-based") and time ("time-based") of access. The whole processing varies from security, authentication, user segmentation, multimedia content identification, to provider perceptual characteristics, user perceptions (visual, mental and emotional) and so forth. This layer accepts requests from the front-end and after the necessary processing; either sends information back or communicates with the next layer (backend) accordingly. The middle layer is comprised of the following two components:
"New" User Profiling: It contains all the information related to the user, necessary for the Web Personalization processing. It is directly related to the Semantic Multimedia Content component and is composed of three elements: -Perceptual User Requirements: This is the new element / dimension of the user profile. It contains all the visual attention and cognitive processes (cognitive and emotional processing parameters) that completes the user perception and fulfills the user profile. It is considered a vital element of the user profile since it identifies the aspects of the user that is very difficult to be revealed and measured but, however, might determine his / her exact preferences and lead to a more concrete, accurate and optimized user segmentation. -"Traditional" User Characteristics: This element is directly related to the Perceptual User Requirements element and provides the so called "traditional" characteristics of a user: knowledge, goals, background, experience, preferences, activities, demographic information (age, gender), socioeconomic information (income, class, sector etc.) and so forth. Both elements are completing the user profiling from the user's point of view.
-Device / Channel Characteristics: This element is referring to all the characteristics that referred to the device or channel the user is using and contains information like: Bandwidth, displays, text-writing, connectivity, size, power processing, interface and data entry, memory and storage space, latency (high / low), and battery lifetime. These characteristics are mostly referred to mobile users and are considered important for the formulation of a more integrated user profile, since it determines the technical aspects of it. Semantic Multimedia Content: This component is based on metadata describing the content (data) available from the Content Provider (back-end layer). In this way a common understanding of the data, i.e. semantic interoperability, openness, is achieved. The data manipulated by the system / architecture is described using metadata that comprises of all needed information to unambiguously describe each piece of data and collections of data. This provides semantic interoperability and a human-friendly description of data. This component is directly related to the "New" User Profile component providing together the most optimized personalized Web-based multimedia content result. It is consisted of three elements: -Perceptual Provider Characteristics: It identifies the provider characteristics assigned to the Web-based multimedia content or multimedia-based service. They are involving all these perceptual elements that the provider has been based for the design of the content. -Semantic Content Properties: This element performs the identification and metadata description of Web-based multimedia content or multimedia-based service based on predetermined ontologies. It is implemented in a transparent manner removing data duplication and the problem of data consistency. -Streaming Media Properties: It identifies the media characteristics that the Web-based multimedia content or multimedia-based service has been designed to run upon in an optimized and qualitative manner (i.e. bandwidth, frame rate, clipping transmission rate, scheduling, traffic analysis and so forth) achieving maximum media synchronization and avoiding media loss and repetitions.
Back-end Layer ("Content Provider")
This is the last layer of the architecture and is directly connected to the middle layer. It contains transition mechanisms and the databases of Web-based multimedia content or multimedia-based services as supplied by the provider without been through any further manipulation or alteration. The proposed three-layer architecture for adaptation and personalization of Webbased multimedia content will allow users to receive the Web-based multimedia content or multimedia-based service they access in an adapted style according to their preferences increasing that way efficiency and effectiveness of use.
Implementation Considerations
In previous sections, it has been studied the components of a three-layer architecture that provides adapted and personalized Web-based content as well as their functionality and interrelation. This section will emphasize more on the concepts and parameters that take part in the construction of a comprehensive user profile and how these could be used in order to collect all the relevant information. As it has already been mentioned, a lot of research has been done with regards to adaptation and personalization techniques and common semantic libraries that give specific and ad-hoc solutions have been setup. However, to our knowledge, implementations that incorporate visual attention, cognitive and emotional processing parameters to the user profile have not been reported as yet and such parameters would definitely lead to a comprehensive accumulation of user perceptual preference characteristics and hence, provide users with more sustainable personalized content.
Further examining the middle layer of the proposed architecture and the Perceptual User Requirements element of the "New" User Profiling component, we can see that the User Perceptual Preference Characteristics could be described as a continuous mental processing starting with the perception of an object in the users' attentional visual field (stimulus) and going through a number of cognitive, learning and emotional processes giving the actual response to that stimulus. This is depicted in Fig. 5 . These processes formulate a three-dimensional approach to the problem, as depicted in Fig. 6 . The three dimensions created are the Learning Styles, the Visual and Cognitive Processing, and the Emotional Processing dimensions. More specifically, (a) in the User Learning Processing dimension a selection of the most appropriate and technologically feasible learning styles are incorporated such as Witkin's Field-Dependent and FieldIndependent and Kolb's Learning Styles, being in a position to identify how users transforms information into knowledge (constructing new cognitive frames) and if they could be characterized as a converger, diverger, assimilator, accommodator, wholist, analyst, verbalizer, or imager; (b) the Visual and Cognitive Processing dimension is being distinguished from the Visual Attention Processing (the pre-attentive and the limited-capacity stage; the pre-attentive stage of vision subconsciously defines objects from visual primitives, such as lines, curvature, orientation, color and motion and allows definition of objects in the visual field. When items pass from the pre-attentive stage to the limited-capacity stage, these items are considered as selected. Interpretation of eye movement data is based on the empirically validated assumption that when a person is performing a cognitive task, while watching a display, the location of his / her gaze corresponds to the symbol currently being processed in working memory and, moreover, that the eye naturally focuses on areas that are most likely to be informative.), Control of Processing (refers to the processes that identify and register goal-relevant information and block out dominant or appealing but actually irrelevant information), Speed of Processing (refers to the maximum speed at which a given mental act may be efficiently executed (cognitive processing efficiency) and Working Memory (refers to the processes that enable a person to hold information in an active state while integrating it with other information until the current problem is solved); and (c) the Emotional Processing dimension composed of these parameters that could determine a user's emotional state during the whole response process. These include extroversion (extraverts are sociable, active, self-confident, and uninhibited; while introverts, are withdrawn, shy, and inhibited), conscientiousness (conscientious individuals are organized, ambitious, determined, reliable, and responsible; while individuals low in conscientiousness are distractible, lazy, careless, and impulsive), neuroticism (individuals high in neuroticism are confident, clear thinking, alerts and content), open to experience (individuals who are open to experience are curious and with wide interests, inventive, original, and artistic; individuals who are not open to experience are conservative, cautious, and mild), understanding of emotions (is the cognitive processing of the emotions; it is the ability of understanding and analysis of the complex emotions and the chain reactions of the emotions, that is how an emotion generates another), regulation of emotions (is the control and regulation of the personal and other people's emotions for the emotional and intellectual development; it is the human's ability to realize what is hidden behind an emotion, like fear, anxiety, anger, or sadness, and to find each time the most suitable ways to confront them), and self control (includes processes referring to the control of attention, the provision of intellectual resources, and the selection of the specialized procedures and skills liable for the evaluation of a problem's results or a decision's uptake; it is a superior control system that coordinates the functioning of other, more specialized control systems). These parameters must be filtered even more so that the final optimized model is achieved. Once this is established, a test in the form of a questionnaire will be constructed which will attempt to reveal users' perceptual preference characteristics. These features along with the "Traditional" User Characteristics could complete the "New" User Profile and therefore adaptation and personalization schemes could be adjusted to deliver even more personalized Web-based content accordingly. The next step is to identify what is the correlation between the various users and / or user groups and if it would be feasible to refer to the term 'users' segmentation' (users sharing similar "new" user profiling) providing them with predetermined personalized content or treat users separately and adjust content as the personalization processing evolves. In either case, personalization mechanisms will be based upon these parameters and considering users' device / channel characteristics and the semantic content will provide them with the corresponding adapted result. Eventually, this methodology will be implemented with personalization algorithms and paradigms so to automatically gather all the related information and construct the "new" user profiling giving the users the adapted and personalized result without their actual intervention.
Conclusion and Future Trends
When referring to adapted multimedia-based services or Web-based multimedia content provision it is implied that the content adaptation and personalization is based on a concrete and comprehensive user profile that covers all the dimensions and parameters of the users preferences. However, knowing the user traditional characteristics and channel / device capabilities, providers can design and offer an apt personalized result. Most of the times though the providers tend to design multimedia applications based on their own preferences and what they think should be offered. However, the concept of adaptation and personalization is much more complicated than that. This is the reason why until today there is not any sustainable related definition of personalization. A profile can be considered complete when it incorporates the users' perceptual preference characteristics that mostly deal with intrinsic parameters and are very difficult to be technologically measured. Visual attention (that can be thought of as the gateway to conscious perception and memory) and cognitive psychology processes (cognitive and emotional processing parameters) should be in combination investigated and analyzed in a further attempt to complete the desktop and mobile users' preferences.
This chapter made an extensive reference to the mobility emergence and the extensive use of the new channels that tend to satisfy the new user requirements (desktop and mobile) for "anytime, anyhow and anywhere" multimedia-based services and Webbased multimedia content provision in general. The problem of personalization as well as challenges created has been investigated supporting the view why the provision of adapted content, based on a comprehensive user profile, is considered critical nowadays. Moreover, an Adaptation (Adaptive Hypermedia) and Personalization (Web Personalization) categories and paradigms review has been presented identifying common grounds and objectives of these two areas. Eventually, it has been overviewed a three-layer architecture for adaptation and personalization of Web-based multimedia content that emphasizes on the combination of the aforementioned Adaptation and Personalization concepts and technologies, the new user profile that incorporates the user perceptual characteristics, and the Semantic Multimedia Content.
The basic objective of this chapter was to introduce a combination of concepts coming from different research areas all of which focusing upon the user. It has been attempted to approach the theoretical considerations and technological parameters that can provide the most comprehensive user profiling supporting the provision of the most apt and optimized adapted and personalized multimedia result.
